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(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a 
semiconductor optical modulator, a 
Mach-Zehnder type optical modulator 
and an optical modulator integrated 
type semiconductor laser, in which an 
electric field is effectively applied 
on an optical waveguide core layer, 
: and the propagation characteristic of 
a modulated wave is not deteriorated. 
SOLUTION: An n-type clad layer 102 is 
stacked on a semi-insulating 
semiconductor substrate 101, on which 
an optical waveguide layer 103 is 
formed. The optical waveguide layer 
103 is composed of clad layers 103b and 103c, and an optical 
waveguide core layer 103a interposed between the clad layers 
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103b and 103c. Further, an n-type clad layer 104 is formed on 
the optical waveguide layer 103. In this way, an n-type 
semiconductor whose electric conductivity is comparatively 
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high, light absorptivity is comparatively low and impurities 
are hardly diffused, is used as the clad layers formed on and 
under the optical waveguide layer 103, further a semi- 
insulating layer is provided between the n-type clad layers 102 
and 104. 
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Htffi ( 1 0 5 a , 1 0 5 b m) icimms.MuiM-£ti 



(6) ftffl 2 0 0 3 - 1 7 7 3 6 8 

/0 

So fib, >R#<D&Ji*S (10 5a, 105bffl) t 

[0 0 6 7] coJcdKfB^SEfcfflilirf 3 2^ 
no^iffl^llgi 1 2 , 1 3KA*£ttfc3fc2 1 a, 2 

1 b«SI£3ffiffi»£§W\ WiK 5tcJ; 

[0 0 6 8] COfct, 5 7^SSn5^2 1 

a, 2 1 b <DffiffiM^ 2 n /r (nMtfjO TfeSif^ 
70 #jft« 1 5 tfc'tf 3T?$©SSb ttl±)zf 1 7 frzyt 

2 o a fc^o^s (^'ptDmmim^n^tmMtit 

KbT-h^^gJgtOOSS^ffi/cnT^S) •e.!o^y l ;2 0 
bi^?n5„ dtUCWbT, ^2 1 a, 2 1 b ©ffi 
*BHA^2 (n+l) * fi-BM 

b^u\ yti^ssMss 1 7t«) i fi2 0b^tti7:2n^>/\ 

[0 0 6 9] 8£oT, V-yyvyiV^BiaBHSl 0T 
tt, Ttffiffi^ilBl 2, 1 3 tEPAnb /cliffy J; oT\ 
tljA2ftS^2 0bO»li2W o ^il^ Hi 

«t s ^{ifflSIJifs 1 o o £M ctic£ 

m l 0 3 a-\O5?l]*e^^«W«Ento^RjH^^0, IejM 

i o %m 3 o^wj LTmmt% 0 

[0 0 7 0] H5tt, *^J8ifflltJ:53tffiffiSWSl 1 
0^^l^c^bTSil{c^lBTb/iS©litiji^75-riTffi 

50 [ o 0 7 l ] H 5 *PMt S k s **jfffi^iJ K: «t S Ttffiffl 
^fSS§ l l o m l ©Mtt^TBI 2 ^ffl^THiW bfc 
tljgtcfc'V^T, nS^^-y Fii 1 0 2<D±SPi:^#JgK 
Ji 1 0 3 t n i f ;y ^ y v Fii 1 0 4 ^ i 0 fiicS i£bSI5©Mi!l 
tc4^6S1±«4-«f*ii (¥-lfe^ttt¥*f*il 116a, 1 

i6b) mM-£ftrcMi%trs.-?T$3<9, &mwMi 1 

5 a W\ C^^Htt^jffrii 116a, 1 16b£l 
ffi?Z&T\ nM^vvFJll 0 4 Kjgf 3 <t 5 tCffM 

[0 0 7 2] /<'J-ffi%T^. d ©«t 5 td ^ t % S 

lc£<0^ X 9 ?Jj* <fc < «l?*3t»jftK3 7S 103at 

[0 0 7 3] ¥«tt*#f*il 116a, 116 

bfcJ\ ^J^^WF-t°>^ti7c«f* (fJx.ti'1 n 

p) %fflv>T)TM-r§o fib, ^©^ifiett^^Jiftt 

bTtt, «S*lRl©IIIJ¥^>ft < k fe 0 . 2 n m«±T'$ 
t), F-^>^nfc»(D?I)S^ / >^< kfc 1X10 

so m^m^ b rcftmmmm loot, *«f* b-^ - 1 , 
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[0074] i§i6«, ^mmmicx^u—^-wmmi 
mmm \ z Q^mtw-m^mw-mu \ o i tcati, 

[0075] mettPmtzt, u— if-#s3i£fitffls 
Sign 2oa> *«{*b-^ffM^n/cisa 
b-^ffia i o o b) t^fiffi^ngs i o o«sn 

TcfUHc O^fflMSitl 0 0 A) fcfcWLTlttSStt 

[0 0 7 6] *M?iJT-«, 
0 0 B ^^ffifflgpffia 1 0 0 A fcOMt, cn&M 
^WfcWBrfSfefeOT-Y V U-fa >ft« l 0 0 C£r 

isuso ^ne.©ii«}fi«, w*s«i o 1 tni^ 

7-yFIl 0 2 fcA^fflta^iB^ lOOAi^, TV 
v u— 3 ymn 1 0 0 C , U— 9* US 1 0 0 B 

[0 0 7 7] ^fcttU— lffB8l 0 OBfCJllB-rSfc, 
nS^77 Fg 1 0 2±£, FI 1 2 3 bft^v 

V HI 1 0 3 bVtMtm—MKftZ&ofc. ffi 
tt« 1 2 3 atfft»i8B&3 7H 10 3a fcJfiB^-PtS 
<t9tffM?n, ^©ftfilpS^^-y FBI 0 4 atfn 

2 5 a««ft«. 
[0 0 7 8] £fe, 7-YVU—>a>1B8l0 0Clca 
n§y^5--y FS 1 0 2±cD^^>y Fg 1 0 3 
bRtf3tafift»37Ji 10 3a tfttfiHSgW8i« 1 0 0 
k£7'(V]s—i'ayffi& 1 OOCfctfEMifcLTJB 
fKSnffct), J t<0±fCnS^5'y Fg 1 0 4<D±M£ 

m-m £&%>% ■v¥fflm<D*mfom mmm±^m» 

Si 2 6) &ffli-£nT\,>% 0 EU CLO^ttSHt®* 
»f*^ Lttt, SW>£ <Hlxl0 16 cm- 3 H 

±©«g? f— t° >^nt t 
[0079] {au *jifiEffiit?t±, 0 6 (7) j; ate, ytm 

1 0 3 a<DPJx.a~±ffitc4 i ie»l4¥«{*li^: 
RtJS«fi8T**<, «SK3Til 1 0 3 aOW, 

®§©g, x«ctiB©7-5fBjn^2cj^±j;<9iS§)i 

d fcT\ ¥«f*b- If 1 0 0 B fcftffiffl^iS® 
it 1 0 OA£*nnff3KftU?%&5&$.LTt>&\r\ 
[0 0 8 0] CtltiD, #&fiSWT?ti\ ¥SK*U-1f 

£ 5 ffiS^ffl fife U-lf-ftSftffiffigW 

[0 0 8 1] ^/c, *S»JKi§W*b- »f©S«l 

JikbTtt, 0 2 K^-fftffi l oo©JHgjgfc: 
fcl^T, ftSR6&3 7B 10 3a ^Siil 1 2 3 a i: b 
fefeOk&oTl/^. CCffittl 1 2 3 a £LTfi, 3t 
#MK^7g 10 3a fc^-Ottft-ej&fiSLTfc, S% 
3WftT*J&SLTt>.fcl\, fib, g&5*m*ffl^TJ& 



(7) ftffl 2 0 0 3 - 1 7 7 3 6 8 

[0 0 8 2] gjfc, *H»IJT«, H6©i7t, ftfil 

fflsnfiii i o o a mmmsm) *mm^z>*\ 

70 ^Mftb^PlD, fl^^bT^ffl-rSdt^nJf^ 
(#151) ft*$M^ M^HiSKStSW^Wira-r 

-y FMWcJ&ijliSftT^ii d ££4$®^ 5 

(#ta2) ^mm^mimm±icnMsnrcB 1 
20 7 7Fit Mi? i © ^ ^ <y Fs±^ffM? nttytms. 

ifM'M:, S3t»iSBI»±t}gfi8*nfeffi2 0*7'y Fg 

^ tries 20^77 Fi±cffM2 nfc® 1 <d*s 

i:, WISH 1 v<v FS±t]ffM^n^ 2 £D*g 
ago 

fcf 5f?rtB 1 X« 2 fcE«0*#*JiaEiH»o 
(#15 4 ) MH5S 1 Rtf® 2 © * t> -7 F««ffM£ n 

J::^il 1 «^|feHtt¥-»f*JlTfe§ d t%¥fWl£?%tt 

m 1^53 ©Mtifr 1 «tcBa«<D^#ft^Wo 
(#155) fsmytmm%=i7mtt. y>F-7°STfc 
0, wism 1 (D¥-mB'\±^mwm&s mmytmim^T 
)i©±gPRtfTiii5© / >^ < t fe-stMsntv^ d 

^ « £?Z>£t *:im t?% #15 4 K9BML<D*m#; 
(#,,5 6) iiij,i5^^&ffi3 7Jf'1tt, !,F7Jr-Ptfiil!i^^j7 

(#157) iiH,;5)'^«»5ivi^ j,:(:(b!!i ; \ ^^?ii2x«ii 

5 (Dffitlfr 1 «tl5fgO*«f*7t^II§5c 

(#,t58) tuisig 1 R&m 2 oaffitt^ itfrssaa 

-V& S d k it -T 5 #15 2 15*^*«f*^g!ISio 



(#15 9 ) ASrfttfclt 1 Rtflg 2 05tg 



-73 



Si:, MilSil 1 ©ftg&fctfSjfrfS^ 1 o^jfiSKi:, tu 

15^ 2 ©3tK*«^-r § s 2 (Dftmmm t , mm 1 © 

50 3t»«K ^ M I5H 2 ©^^i&SS ^ § □ ifiS t x 
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mmm 1 Rnm 2 oymimoypr^ < t t-7a±tcffM 

(Mia 1 0) mm^mwytmnrnz, m-<o¥m#%& 

(Mia 1 1 ) m-v^mfcMMtfc, mm 1^7 
— «sn, tuia^«f*^p§ifcMfa**f* 

(ftta 1 2 ) mm^mmmm^ t Miaw* u-^ - 

i: ©fate, f£¥»{*MSif§ i:M*«f* U-if i: 
WKiWWf t SNVIz-i'a § C fit 

i:-r§Mfa 1 1 &cHa«©7Mff§§-f*s¥j»f+b-- *r 0 
(MSB 1 3) Mmr-fvu-^aynmte, mm^mw 

m" 3 <D¥mmi±^mwm mM 2 nt v ^ c ^ & i: 
-rsMia 1 2 icmm<Dymmm-^m^mwiy— «f. 

[0 0 8 3] 

[0084] mk, a»#«2 8a«<D^ic«fcn^ ft» 

[0085] mk, »*«3ie«o^K:j:ntf, ytm 

[0086] 3=fc, fS^4ia«o%wt«tn{f, 3fcS 

x y ^mmm^mm- tm& t%z a 
[0087] M*ii5iaiio^^in^ 

~> -y * £ ©figs tifc¥#ft *f *ftffif Rlfll 

5, (a) «yyK-tfy^3y*?i:LTffMStlfe7fe 
^H§gl 1 0 OcDUffig^U (b) ttp i nil? 



(8) 2 0 0 3 - 1 7 7 3 6 8 

/</ 

t LTffMStlfc^lSiH 1 2 0 0 ©ji«jg*^-ro 
[0 2] ##EI8©^1 <D^My£«fcSftffi*B£!H«l o 
0*3tWtWbTSifiK:9J»fLfclSOJB«iig*^-tBfffi 

[0 3] *$£ffl<Dm 1 ©HffiflJt <fcSftfi[ffl£tB8§ 1 0 

ooyMimm^*fttK».m-T:&<o, (a) ti^efitts 
mmm i o o*fflv^T«js?nfc*^ssc^fiitB^iis 
g§2oo^7Kb, (b) immmmmi o o^^t 
«j£3ftfc#fi£»g! ftffiffi«i§3oo 

[04] i <Dmmimc£%mmmmm 1 o 

0 *JB^T«jSStt;fc^>vy x>^fcgfK& i o © 

[0 5 ] j^mmm 3 nmmi^^Mmmmm 1 1 

0 *y;'. ?H vmlx mm. k mm l tz m^mwm^^crmm 

[0 6 ] *f8BI§©m 4 (DWmX. ct § U-if-ft^S 

pjgi 2 o^itSot^lftlli 0 1 H^--n 

20 m^(Dmm 

1 % 

2 ^PSfB^f 
3 

4 {,iij-vli«i 

5 ffiJn 

1 0 -*v>w*y?W&&fll& 

IK 101 ^«f*SS 

12, 13, 100, 110 Jtfi[fflSPg8 

1 4 

30 1 5 

1 6 /Ji^i^ 

1 7 m^wsss 

18,19 

20a, 20b, 21a, 21b ft 
1 0 0 A T'cteffl^lSTiia 

1 0 0 b ^m^y-^fmm 

1 0 0 71'VU— S'aVfiSS 
1 0 2, 1 0 4 nS^77Fl 

1 0 3 ytm&v&m 
40 103a yr^w,--]-/;,'-] 

103 b, 103c, 123b i'r; FJ1 
10 4a p'V-t^v-v FJ1 
105a, 105b, 125a 
116a, 116b 

1 2 0 U-1f-#SDfc{ftffl£ilHS 
12 3a SttB 

1 2 6 *$estt*«{*s 

110 0 ftgjMffi (/>!••-;->' VHU; !') 
1101,1201 i-InP Sfi 
50 1 1 0 2, 1 1 0 4 i-I nP^7-y KI 
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1103,1203 i -ymw3&m 

110 5a, 1 2 0 5 a ^f-fM 
110 5b, 1 2 0 5 b &mW& (^7>F) 



(9) ftffi 2 0 0 3 

16 

1200 ytmmm (pin mm=F) 

1 2 0 2 n-InP^5'yHl 
1 2 0 4 p - I n P t> 7 V YM 



1 7 7 3 6 



[01] 

U (b) fip i nS*^ LTflSJS: 

mi 2oo<oiii^tfl 



(a) 



3feg£jggg(./ > K-e>ya?are) noo 

,1105a 



l-lnP$?ry KB 



i-lnp$7? KB 



,1104 
,1103 
,1102 



i-lnP^*v KB 



,1105b 



,1101 



(b) 



ftggHKpingjli^) 1200 



p-lnP<7 7'> KB 



n-lnP<7 -7 -V KJ 



J 205a 



,1205b 



1201 



(10) 



mm 2 0 0 3 - 1 7 7 3 6 8 



[12] 



[05] 



#£3B<»$3<D£iffi0Jtc±$#effi8:iHSi 1 0*3fettf= 



too 



nfi*7f KB 104- 

KB 103c 
**iSffi3T)i 103a 

K» 103b 
nS«7*; HH 102 




ftBSft 105a 



103 




£I£K« 105b 



/ 



ftttwgag no 



116b 




**#sts 101 • 



[PI6] 



i/— *f-tta%ttffl*w» 120 

$JS£% 125a 



pS^7^ KB 104a 

SI4J1 123a 
Kl 123b 
102 



r«f VI/- v3>1SiS 100C 




¥*&»t£¥*tt® 126 



(11) 



mWi 2 0 0 3 - 1 7 7 3 6 8 



[H3] 



mm3 o o^rm 

(a) m^S»^j£teftg£ia« 200 




(b) ^^g:»a!(aitTats)^feffl^B3gg 300 
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